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(54) Graphical representation of patient treatment prescriptions within a verify and record 
system 



(57) A graphical user interface (1000) for use in a 
patient treatment system. The graphical user interface 
(1000) permits graphical display and editing of individual 
treatment parameters, including machine (2, 4, 6) posi- 
tions and field shapes. Multiple fields grouped sequen- 
tially as an intensity modulated field (IMG) may be 
viewed as a superimposed graphical composite (1020, 



1022, 1024, 1026). In addition, a pictorial representation 
of the radiation beams (1026) incident on a particular 
target is provided. A graphic representation of field 
shape (1030) is provided; the graphics change as treat- 
ment progresses. Finally, manipulation of graphics per- 
mits editing of treatment information, while allowing im- 
mediate feedback as to the result of the change. 
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Description 

[0001] The present invention relates to a radiation 
therapy system and, more particularly, to a system and 
method for efficiently delivering radiation treatment. 
[0002] Radiation emitting devices are generally 
known and used, for instance, as radiation therapy de- 
vices for the treatment of patients. A radiation therapy 
device generally includes a gantry which can be swiv- 
elled around a horizontal axis of rotation in the course 
of a therapeutic treatment. A linear accelerator is locat- 
ed in the gantry for generating a high energy radiation 
beam for therapy. This high energy radiation beam can 
be an electron beam or photon (X-ray) beam. During 
treatment, this radiation beam is trained on one zone of 
a patient lying in the isocenter of the gantry rotation. 
[0003] To control the radiation emitted toward an ob- 
ject, a beam shielding device, such as a plate arrange- 
ment or a collimator, is typically provided in the trajectory 
of the radiation beam between the radiation source and 
the object. An example of a plate arrangement is a set 
of four plates that can be used to define an opening for 
the radiation beam. A collimator is a beam shielding de- 
vice which could include multiple leaves, for example, a 
plurality of relatively thin plates or rods, typically ar- 
ranged as opposing leaf pairs. The plates themselves 
are formed of a relatively dense and radiation impervi- 
ous material and are generally independently position- 
able to delimit the radiation beam. 
[0004] The beam shielding device defines a field on 
the object to which a prescribed amount of radiation is 
to be delivered. The usual treatment field shape results 
in a three-dimensional treatment volume which includes 
segments of normal tissue, thereby limiting the dose that 
can be given to the tumor The dose delivered to the 
tumor can be increased if the amount of normal tissue 
being irradiated is decreased and the dose delivered to 
the normal tissue is decreased. Avoidance of delivery 
of radiation to the organs surrounding and overlying the 
tumor determines the dosage that can be delivered to 
the tumor. 

[0005] The delivery of radiation by a radiation therapy 
device is prescribed and approved by an oncologist. The 
prescription is a definition of, for example, a particular 
volume and the level of radiation permitted to be deliv- 
ered to that volume. Actual operation of the radiation 
equipment, however, is normally done by a therapist. 
When the therapist administers the actual delivery of the 
radiation treatment as prescribed by the oncologist, the 
radiation -emitting device is programmed to deliver that 
specific treatment. When programming the treatment, 
the therapist has to take into account the actual radiation 
output and has to adjust the dose delivery based on the 
plate arrangement opening to achieve the prescribed ra- 
diation treatment at the desired depth in the target. 
[0006] The radiation therapist's challenge is to deter- 
mine the best number of fields and delivered intensity 
levels to optimize the dose volume histograms, which 



define a cumulative level of radiation which is to be de- 
livered to a specified volume. The outputs of the optimi- 
zation engines are intensity maps, which are deter- 
mined by varying the intensity at each "cell" in the map. 
5 The intensity maps specify a number of fields defining 
desired (optimized) intensity levels at each cell. The 
fields may be statically or dynamically modulated, such 
that a different accumulated dosage is received at dif- 
ferent points in the field. Once radiation has been deliv- 

10 ered according to the intensity map, the accumulated 
dosage at each cell, or dose volume histogram, should 
correspond to the prescription as closely as possible. In 
order to accurately deliver a treatment, a therapist may 
need to "edit 1 the radiation delivery from the output of 

is the optimization engine. 

[0007] In order to ensure accurate delivery of treat- 
ment, verify and record ( V&R) methods are typically em- 
ployed. The treatment is delivered only when all the pa- 
rameters such as intensity levels, collimator leaf posi- 

20 tions, and gantry angles have been met during the set- 
up. As can readily be appreciated, patient treatment set- 
up and verification information is non -trivial. Such infor- 
mation can include field size, gentry, collimator and table 
angles, dose and block and wedge codes. Typically, 

2S such information has been provided to the therapist by 
way of lengthy lists of numbers which must be translated 
into a useful form. Such lists are not only difficult to un- 
derstand at a glance, but also are difficult to edit. Ac- 
cording to the present invention, there is provided a 

30 graphical user interface for a radiation treatment appa- 
ratus as claimed in claim 1 , and a corresponding method 
of radiation therapy delivery. 

[0008] The invention also provides a radiation treat- 
ment apparatus with a graphical user interface of the 
35 invention. 

[0009] Advantageously, the graphical user interface 
of the invention permits graphical display and editing of 
individual treatment parameters, including machine po- 
sitions and field shapes. Multiple fields grouped sequen- 
ce tially as an intensity modulated field may be viewed as 
a superimposed graphical composite. In addition, a pic- 
torial representation of the radiation beams incident on 
a particular target is provided. A graphic representation 
of field shape is provided; the graphics change as treat- 
ed ment progresses. Finally, manipulation of graphics per- 
mits editing of treatment information, while allowing im- 
mediate feedback as to the result of the change. 
[0010] For a better understanding of the present in- 
vention and to show how the same may be carried into 
so effect, reference will now be made, by way of example, 
to the accompanying drawings, in which: - 

FIG. 1a and FIG. 1b are diagrams of exemplary in- 
tensity profiles; 
£5 FIG. 2 is a diagram of a radiation treatment device 
and treatment console according to an embodiment 
of the present invention; 

FIG. 3 is a more detailed block diagram illustrating 
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portions of the present invention; 
FIG. 4 is a diagram of a multi-leaf collimator accord- 
ing to an embodiment of the invention; 
FIG. 5 is a diagram of an exemplary user interfaces 
according to an embodiment of the invention; 
FIG. 6a and 6b are diagrams of other aspects of the 
graphical user interface of FIG. 5; 
FIG. 7 is a diagram of other aspects of the graphical 
user interface of FIG. 5; 

FIG. Ba and 8b are diagrams of other aspects of the 
graphical user interface of FIG. 5; 
FIG. 9 is a diagram of other aspects of the graphical 
user interface of FIG. 5; 

FIG. 10 is a diagram of other aspects of the graph- 
ical user interface of FIG. 5; 
FIG. 11 is a diagram of other aspects of the graph- 
ical user interface of FIG. 5; 
FIG. 1 2 is a flowchart illustrating operation of an em- 
bodiment of the present invention; 
FIG. 1 3 is a flowchart illustrating operation of an em- 
bodiment of the present invention; 
FIG. 1 4 is a flowchart illustrating operation of an em- 
bodiment of the present invention; and 
FIG. 1 5 is a flowchart illustrating operation of an em- 
bodiment of the present invention. 

[0011] Referring to FIG. 1, a three dimensional illus- 
tration of a volume to be treated with radiation is shown. 
The amount of radiation to be delivered to the volume 
400 is not uniform throughout the volume, however. Typ- 
ically, the amount of radiation to be delivered is highest 
in the center and decreases outwardly, though not nec- 
essarily uniformly. Thus, for example, voxels 400a and 
400b could receive different levels of radiation. 
[001 2] In order to deliver radiation to a specified vol- 
ume, a plurality of beam settings is typically applied. For 
example, FIG. lb illustrates a two-dimensional slice of 
the volume 400 of FIG. 1a. A pair of intersecting radia- 
tion beams 402a, 402b deliver a radiation dose to the 
volume. The beams 402a and 402b intersect in the 
cross hatch region 400c, though radiation is delivered 
along the paths of each of the beams to the volumes 
400d and 400e. As can be appreciated, the goal of ra- 
diation therapy is to deliver as close a dosage as pos- 
sible to the prescribed dosage requirements at each of 
the voxels 400a, 400b etc. The goal of treatment opti- 
mization is to determine the best way to achieve this 
treatment fitting. As shown in FIG. 1b, the radiation 
beams 402a and 402b coming from intensity profiles 
404 and 404b, respectively, at particular gantry angles 
(an intensity profile is the radiation field over a line of 
radiation which corresponds to the slice) affect dose vol- 
ume histograms 404a. Each gantry angle, however, 
may define a plurality of radiation fields which are to be 
delivered. Each field is defined as a number of monitor 
units of dosage to be delivered to a given volume at a 
particular gantry angle. The leaves of a multi-leaf colli- 
mator and/or other shielding device(s) delimit the radi- 



ation beam at particular angles and thus define the fields 
for the particular gantry angle. A graphical user interface 
in a verification and record system according to the 
present invention permits easy visualization of each 

s field and intensity maps. In addition, graphics of ma- 
chine settings and treatment progress are provided for 
easy visualization control and editing. 
[0013] Turning now to FIG. 2, a radiation treatment 
apparatus embodying the present invention is shown 

10 therein and generally identified by reference numeral 2. 
The radiation treatment apparatus 2 is representative 
of, for example, the Mevatron™ series of machines 
available from Siemens Medical Systems, Inc. The ra- 
diation treatment apparatus 2 includes a beam shielding 

is device (not shown) within a treatment head 4, a control 
unit (not shown) in a housing 9 and a treatment unit 200 
according to the present invention. The radiation treat- 
ment apparatus 2 includes a gantry 6 which can be swiv- 
elled around a horizontal axis of rotation 8 in the course 

20 of a therapeutic treatment. The treatment head 4 is fas- 
tened to projection of the gantry 6. A linear accelerator 
is located in the gantry 6 to generate the high powered 
radiation required for the therapy. The axis of the radia- 
tion bundle emitted from the linear accelerator and the 

2S gantry 6 is designated by 10. Electron, photon or any 
other detectable radiation can be used for the therapy. 
[0014] During the treatment, the radiation beam is 
trained on a zone 1 2 of an object 1 3, for example, a pa- 
tient who is to be treated and who lies at the isocenter 

30 of the gantry rotation. The rotational axis 8 of the gantry 
6. the rotational axis 1 4 of a treatment table 1 6. and the 
beam axis 10 intersect in the isocenter. 
[0015] The area of the patient that is irradiated is 
known as the field. The plates or leaves of the beam 

35 shielding device within the treatment head 4 are sub- 
stantially impervious to the emitted radiation. The colli- 
mator leaves or plates are mounted between the radia- 
tion source and the patient in order to delimit the field. 
Areas of the body, for example, healthy tissue, are there- 
to fore subject to as little radiation as possible and prefer- 
ably to none at all The plates or leaves are movable 
such that the distribution of radiation over the field need 
not be uniform (one region can be given a higher dose 
than another). Furthermore, the gantry can be rotated 

45 so as to allow different beam angles and radiation dis- 
tributions without having to move the patient. 
[0016] The radiation treatment device may also in- 
clude a real-time portal imaging device 1 1 . Such a portal 
imaging device 11 may be used for treatment verification 

so as is welt known. Exemplary portal imaging devices are 
shown in U.S. Patent No. 5,138,647, and U.S. Patent 
Application Serial No. 08/808,600, filed February 28, 
1997, both assigned to Siemens Medical Systems, Inc., 
which are hereby incorporated by reference in their en- 

ss tirety as if fully set forth herein. 

[0017] The radiation treatment device 2 also includes 
a central treatment processing or control unit 200 which 
is typically located apart from the radiation treatment de- 
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vice 2. The treatment unit 200 may be a Windows NT 
workstation, for example. The radiation treatment de- 
vice 2 is normally located in a different room to protect 
the therapist from radiation. The treatment unit 200 in- 
cludes output devices such as at least one visual display 
unit or monitor 70 and an input device such as a key- 
board 1 9 or other input devices such as a mouse (not 
shown). Data can be input also through data carriers 
such as data storage devices or a verification and re- 
cording or automatic setup system 102 according to the 
present invention. By using the keyboard 19 or other in- 
put device, the therapist enters into a control unit 76 of 
the treatment unit 1 00 the data that defines the radiation 
to be delivered to the patient. The program can also be 
input via another input device, for example, using the 
automatic setup system 1 02. On the screen of a monitor 
76 various data can be displayed before and during the 
treatment. 

[0018] The treatment processing unit 200 is typically 
operated by the therapist who administers actual deliv- 
ery of radiation treatment as prescribed by an oncologist 
by using the keyboard 1 9 or other input device. The ther- 
apist enters into the control unit of the treatment unit 200 
the data that defines the radiation dose to be delivered 
to the patient, for example, according to the prescription 
of the oncologist. The program can also be input via an- 
other input device, such as a data storage device. Var- 
ious data can be displayed before and during the treat- 
ment on the screen of the monitor 70. 
[0019] According to the present invention, the treat- 
ment processing unit 200 (and automatic set-up unit 1 02 
(FIG. 3) is further configured to provide graphical repre- 
sentation and control/editing of patient treatment setup 
information. For example, the monitor 71 may be used 
for graphical display and editing of machine positions 
and field shapes. In addition, a pictorial or graphic rep- 
resentation or image of the radiation beams incident up- 
on the target at various gantry angles may be provided. 
Multiple simple fields may be superimposed on one an- 
other in a single graphic so as to easily display an inten- 
sity modulation group. Further, a graphic may be pro- 
vided showing progress of a treatment sequence, by 
displaying treated fields, untreated fields, and the cur- 
rent treatment field in different colors. Graphic images 
of the machine settings may be provided for easy refer- 
ence. The graphic images may be manipulated to adjust 
machine settings. 

[0020] Turning now to FIG. 3, a block diagram of the 
radiation treatment device 2 and portions of the treat- 
ment unit 200 are illustrated in greater detail. An electron 
beam 1 is generated in an electron accelerator 20. The 
electron accelerator 20 includes an electron gun 21 , a 
wave guide 22 and an evacuated envelope or guide 
magnet 23. A trigger system 3 generates injector trigger 
signals and supplies them to the injector 5. Based on 
these injector trigger signals, the injector 5 generates 
injector pulses which are fed to the electron gun 21 in 
the accelerator 20 for generating electron beam 1 . The 



electron beam 1 is accelerated and guided by the wave 
guide 22. For this purpose, a high frequency source (not 
shown) is provided, which supplies radio frequency sig- 
nals for the generation of an electromagnetic field sup- 

5 plied to the wave guide 22. The electrons injected by the 
injector 5 and emitted by the electron gun 21 are accel- 
erated by this electromagnetic field in the wave guide 
22 and exit at the end opposite to electron gun 21 in 
electron beam 1. The electron beam 1 then enters a 

io guide magnet 23 and from there is guided through a win- 
dow 7 along axis 10. After passing through a first scat- 
tering foil 15, the beam goes through a passageway 51 
of a shield block 50 and encounters a flattening filter 1 7. 
Next, it is sent through a measuring chamber 60 in which 

*5 the dose is ascertained. If the scattering foil is replaced 
by a target, the radiation beam is an X-ray beam; in this 
case, the flattening filter 17 may be absent, but it is typ- 
ically present. 

[0021] Finally, a beam shielding device is provided in 

20 the path of radiation beam 1 , by which the irradiated field 
of the subject of investigation is determined. As illustrat- 
ed, the beam shielding device includes opposing plates 
410 and 420, only two of which are illustrated for con- 
venience. In one embodiment, additional pairs of plates 

25 (not shown) may be arranged perpendicular to plates 
410 and 420. The plates 410, 420 are moved with re- 
spect to axis 10 by a drive unit 43 to change the size of 
the irradiated field. The drive unit 43 includes an electric 
motor which is coupled to the plates 410 and 420 and 

^o which is controlled by a motor controller 40. Position 
sensors 44 and 45 are also coupled to the plates 410 
and 420, respectively for sensing their positions. An ad- 
ditional beam shielding device may be provided above 
or below the plates 410, 420. Such a beam shielding 

35 device may include, in addition, a multi-leaf collimator 
having many radiation blocking leaves. Such a multi-leaf 
collimator, as well as other accessories, such as wedg- 
es, are attachable to the treatment head 4. The leaves 
of such a multi-leaf collimator are illustrated in greater 

40 detail in FIG. 4. Opposing leaf : or rod pairs 41a-41n, 
42a-42n, each include a motor or drive unit 43a-43n, 
and 47a-47n, respectively. The drive units drive the 
rods, or leaves, in and out of the treatment field, thus 
creating the desired field shape. The rods, or leaves, 

4S are typically relatively narrow, and cast a shadow of 
about 0.5 to 1.0 cm at isocenter. 

[0022] Turning back to FIG. 3, the motor controller 40 
is coupled to a dose unit 61 which includes a dosimetry 
controller and which is coupled to a central processing 

so unit 18 for providing set values for the radiation beam 
for achieving given isodose curves. The output of the 
radiation beam is measured by a measuring chamber 
60. In response to the deviation between the set values 
and the actual values, the dose control unit 61 supplies 

55 signals to a trigger system 3 which changes in a known 
manner the pulse repetition frequency so that the devi- 
ation between the set values and the actual values of 
the radiation beam output is minimized. In such a radi- 
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ation device, the dose absorbed by the object 1 3 is de- 
pendent upon movement of the plates and collimator 
leaves. 

[0023] The central processing unit 18 is programmed 
by the therapist according to the instructions of the on- 
cologist and performs optimization so that the radiation 
treatment device carries out the prescribed radiation 
treatment. The delivery of the radiation treatment may 
be input through a keyboard 1 9 or cursor pointing device 
(not shown) and graphical user interface according to 
the present invention. The central processing unit 18 is 
further coupled to a dose control unit 61 that generates 
the desired values of radiation for controlling a trigger 
system 3. The trigger system 3 then adapts the pulse 
radiation frequency and other parameters in a corre- 
sponding, conventional manner. The central processing 
unit 18 further includes a control unit 76 which controls 
execution of the program and the opening and closing 
of the plates and/or leaves 410, 420, 41, 42 and dose 
signals to deliver radiation according to a desired inten- 
sity profile. A memory 77 is also provided for supplying 
correction signals which the central processing unit 18 
may use to adjust the radiation output responsive to po- 
sition signals received from the position sensors 44 : 45. 
Device settings are viewable through the video monitor 
70. 

[0024] A verification and record or auto set-up system 
1 02 according to the present invention stores and down- 
loads to the radiation system (typically via the CPU 18) 
the parameters, for example, of the geometry, of the var- 
ious fields of the course of treatment and wedge correc- 
tion factors derived during calibration runs for the vari- 
ous fields. Such a verify and record system 1 02 accord- 
ing to the present invention may be a module of the LAN- 
TIS™ (Local Area Network Therapy Information Sys- 
tem) available from Siemens Medical Systems, Inc. The 
automatic set-up or verification and record system 102 
may include a processor 101 running a program either 
independently of, or as a co-processor with, the CPU 
18. Both processors may be, for example, x86-type 
processors, such as Pentium or Pentium II type proces- 
sors. A graphical user interface according to the present 
invention may be software running on the system 102. 
The verification and automatic set-up system 1 02 may 
be embodied in a workstation (not shown) remote from 
treatment unit 200. 

[0025] Exemplary graphical user interfaces for use 
with the verify and record system 102 for controlling op- 
eration of the radiation therapy unit 100 are illustrated 
in FIGS. 5-11. In particular, an exemplary window 1000 
is shown in FIG. 5. The window 1000 includes a visual- 
ization window 1 002 and a treatment window 1 004. The 
visualization window 1002 as illustrated includes tabs 
identifying different functionalities. In particular, by click- 
ing on the tabs 1012, 1014, 101 6 or 1018, the user may 
activate a window relating to facts, treatment summary, 
prescription details and treatment visualization, respec- 
tively, as will be described in greater detail below. The 



image in the visualization window 1002 is directly relat- 
ed to the contents of the treatment window 1004. The 
treatment window 1004, like the visualization window 
1002, includes a plurality of tabs 1006, 1008, 1010, 

s clicking on which permits different functionality. For ex- 
ample, a patient list 1006, a treatment delivery chart 
1008, or a linear accelerator setup window 1010 may 
be activated, as will be described in greater detail below. 
[0026] As illustrated in FIG. 5, a treatment delivery 

io chart 1008 in hierarchical format is shown. The treat- 
ment delivery chart is organized as a folder branch hi- 
erarchy, typically according to individual patient. As il- 
lustrated, at the top of the hierarchy is an ASG (Auto- 
matic Sequencing Group) directory. As will be described 

is in greater detail below, an Automatic Sequencing Group 
is a distribution of fields which may be delivered auto- 
matically by the linear accelerator. In particular, an au- 
tomatic sequencing group includes unrelated fields 
whose characteristics are more important than the 

20 group. The treatment fields, in turn, may be organized 
into intensity modulation groups (IMG0-IMG3). The in- 
tensity modulation groups are essentially groups of 
fields which may be delivered sequentially and which 
have one or more parameters in common, (i.e., the char- 
ts acteri sties of the group are more important than the field 
itself), thereby allowing for common delivery. The radi- 
ation therapist may organize the fields by "click and 
drag" techniques as are well known. Predetermined 
constraints may prevent the therapist from including a 

30 particular field in a particular group. In addition, as will 
be discussed in greater detail below, the therapist may 
insert interrupts or portal imaging into the field set-up. 
[0027] The treatment is delivered in a "top-down" 
fashion. For example, the treatment delivered in FIG. 5 

35 would be in the following order: FLDOPO, FLDQQQ, 
IMG0, IMG1, IMG2 and IMG 3. The Auto Sequencing 
Group (ASG), as illustrated in FIG. 5, thus includes a 
pair of fields FLDOPO, FLDQQQ, and four intensity 
modulation groups (IMG0-IMG3). 

40 [0028] Each field and intensity modulation group 
shown in the treatment delivery chart 1008 is illustrated 
as one or more cones 1020 1022, 1024 or 1026 in the 
treatment summary window 1014. In particular, the tu- 
mor or region to be treated is represented by a spot 

«5 1 028. Each cone 1 020, 1 022, 1 024, 1 026 represents the 
delivery of a radiation field or fields; the radiation being 
emitted from the apex of the cone and spreading out 
toward the tumor 1028, as shown similarly in FIG. 1b. 
As will be described in greater detail below, the graphic 

so i s representative of a head-on view of the gantry about 
its axis of rotation 8 (FIG. 2) (i.e., the axis of gantry ro- 
tation is represented as being approximately coincident 
with the tumor 1028, perpendicular to the screen). It is 
noted that, in the general case, for the auto sequencing 

55 group (ASG) of the treatment delivery chart 1 008, when 
there are two fields and four intensity modulation 
groups, typically six cones would be visible in the treat- 
ment visualization window 1018. However, in the partic- 
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ular case illustrated, the fields FLDOPO and FLDQQQ 
happen to share the same gantry angle as one of the 
intensity modulation groups (IMG0-IMG3). Thus, only 
four cones are visible, the remaining ones being super- 
imposed on others. 

[0029] FIGS. 6a-6b illustrate field control and visuali- 
zation of one field of FIG. 5. In particular, as shown in 
FIG. 6a, a single field F00 of the intensity modulation 
group IMGO has been highlighted. The corresponding 
linear accelerator setting is visible in the treatment vis- 
ualization window 1018. In particular, the cone 1026a 
represents the highlighted field F00 from the setup win- 
dow 1004. In addition, a visualization icon 1030, repre- 
sentative of collimator settings (FIG. 4, is shown in the 
treatment visualization window 1018. This is illustrated 
more clearly in FIG. 6b, in which a setup window 1010 
corresponding to the highlighted treatment field of FIG. 
6a is shown. The setup window 1010 includes a dosim- 
etry window 1042 which identifies, inter alia , the radia- 
tion mode (i.e. X-ray or electron beam), the energy of 
the field delivery (typically in MV), and the number of 
monitor units (MU) of radiation to be delivered for the 
field. In addition, an accessory window 1040 may be 
provided. The accessory window 1 040 identifies, by way 
of icon, the accessories which may be installed at the 
treatment head. In particular, these may include, among 
others, a reticle, a physical wedge or a virtual wedge. 
[0030] In addition, a graphic image 1032 of a beam's 
eye view of the beam shielding device jaws 410, 420 
and multi-leaf collimator leaves 41 i, 42i is shown. As can 
be seen, the opening in the multi-leaf collimator and 
jaws corresponds to the shape seen in the icon 1 030 of 
the treatment visualization window 1018. 
[0031] Also included is a graphic image 1038 of the 
radiation treatment device 2, including the housing 9 
and the gantry 6. The gantry 6 is shown swivelled about 
its axis of rotation 8, which also corresponds to the angle 
at which the cone 1026, representative of the emitted 
radiation, is shown in the treatment visualization window 
101 8. Finally, the setup window 1010 includes a graphic 
image 1034 of the treatment table 16. In particular, the 
table graphic 1 034 includes a plan view of the table 1 036 
and the radiation treatment apparatus structure. 
[0032] The set-up window 1010 may be used to view 
and edit the setup of individual treatment fields, as well 
as program interrupts between field delivery. In particu- 
lar, the graphic image 1032 of the beam's eye view of 
the treatment head 2 may be manipulated by a cursor 
under the control of a mouse or other cursor pointing 
device, such that the jaws 410, 420 and the leaves 41 i, 
42i, may be made to open and close, and the treatment 
head may rotate clockwise or counterclockwise. In ad- 
dition, the gantry 6 of the graphic 1 038 may be made to 
move about its axis of rotation causing a corresponding 
movement in the cone 1026. Finally, the graphic 1036 
of the treatment table 16 may be made to move about 
an axis of rotation (corresponding to the center of the 
circle), as well as move up and down and forward and 



back. Additionally, different accessories may be chosen 
using the accessory window 1040 Finally, the radiation 
mode, energy and number of monitor units applied may 
be manipulated within the dosimetry window 1042. It is 
5 noted that, in practice, oncologist approval must be ob- 
tained before the edited treatment may be delivered. 
[0033] Turning now to FIG. 7, the treatment visualiza- 
tion window 1018 of an intensity modulated group (in 
particular, IMG1) is shown. The intensity modulation 
io group (IMG1) is highlighted in the treatment delivery 
window 1008. A corresponding cone 1020 is shown in 
the treatment visualization window 1 01 8. It is noted that 
the treatment cone 1020 of an intensity modulated 
group (IMG) is distinct from the treatment cone of a sin- 
15 gle field for easy user reference. In addition to the treat- 
ment cone 1020, a visualization icon 1030A is provided, 
which represents in gray scale form, or color map, a su- 
perposition of each of the fields of the intensity modu- 
lated group. As discussed above, an intensity modulat- 
ed group includes a plurality of fields having predeter- 
mined common characteristics. The fields, however, 
may have different intensities at different areas, which 
are represented for example, in gray scale or color map 
form in the icon 1 030 A. In addition, textual information 
may be provided, such as identification of the intensity 
modulated group, the mode (i.e., X-ray or electron), the 
technique (fixed or moving), the energy, and the number 
of monitor units. In addition, the gantry angle and colli- 
mator angle are provided, as well as the number of seg- 
ments or fields which are superimposed. 
[0034] Turning now to FIGS. 8a and 8b, exemplary 
graphical user interfaces including wedge accessories 
1041 (FIG. 8a). 1043 (FIG. 8b) are shown. The graphical 
user interfaces of FIGS. 8a and 8b are generally similar 
to FIG. 6b described above. In particular, as illustrated, 
the setup window displays the beam's eye view 1032 of 
the treatment of the treatment head 4, the treatment ta- 
ble 1036 and the treatment device 1038, including the 
gantry 6 disposed at a 90<*egree angle from vertical. A 
corresponding cone is shown in the treatment visualiza- 
tion window. As illustrated, the beam's eye view 1032 
includes jaws 410, 420 opened to a predetermined set- 
ting. The treatment visualization icon 1030 reflects the 
setting of the jaws 410, 420. A dosimetry window 1042 
and an accessories window 1040 are also provided. A 
graphical user interface as illustrated in FIG. 8a is used 
to control a "virtual wedge" accessory. The virtual wedge 
is illustrated in icon form as icon 1041. Clicking on the 
icon 1041 may cause establishment of the virtual 
wedge. As described in U.S. Patent No. 5,563,925, U. 
S. Patent No. 5,668,847 and U.S. Patent Application Se- 
rial No. 08/671 ,91 4, filed June 28, 1 996, all assigned to 
Siemens Medical Systems, Inc., and hereby incorporat- 
ed by reference in their entireties as if fully set forth here- 
in, a virtual wedge or compensator accessory enables 
movement of one or more of the jaws 410, 420 to mimic 
the presence of a physical wedge. The physical wedge 
icon is illustrated as icon 1043 in FIG. 8b. The graphical 
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user interface of FIG. 8b is generally simitar to that 
shown in FIG. 8a, except that a colored-in icon 1 043 rep- 
resentative of the physical wedge is shown rather than 
the "clear" icon 1 041 representative of the virtual wedge. 
In addition, as illustrated in FIG. 8b, the gantry 6 is set 
to a 270° angle from vertical. It is noted that in both FIG. 
8a and FIG. 8b, the treatment head 4 has been rotated 
at a rotation angle reflected in the visualization icons 
1030. It is further noted that functionality may be provid- 
ed whereby moving a cursor over a graphic (either the 
particular machine graphic or cone or visualization icon) 
causes a display, in textual format, of machine settings. 
[0035] As discussed above, the radiation therapy de- 
vice 2 according to the present invention can also be 
used in an electron mode. Thus, as illustrated in FIG. 9, 
the dosimetry window 1042 indicates that the radiation 
mode is "electrons/ In addition, the accessories window 
1 040 displays accessories for electron treatment deliv- 
ery. Finally, the visualization icon 1030 provides for a 
visualization of the setting of the jaws 41 : 42 and indi- 
cates that the mode is electron mode and the energy is 
in electron volts. 

[0036] Turning now to FIG. 1 0, another variation of the 
graphical user interface is illustrated. In particular, the 
treatment delivery chart shown in FIG. 10 includes a 
treatment window 1052 and portal imaging window 
1050. As discussed above, the graphical user interface 
according to the present invention permits editing of 
treatment fields and ordering of field delivery. In addi- 
tion, fields may be added, removed and interrupted by 
use of the appropriate functions available from the treat- 
ment editing window 1 052. 

[0037] As illustrated in FIG. 10, a graphical user inter- 
face according to the present invention further includes 
the ability to control portal imaging, by way of the portal 
imaging window 1050. As is well known, portal imaging 
employs the radiation emitted from the radiation therapy 
device (at a low level) in order to take, for example, X- 
ray images of the area to be treated. The portal images 
are taken at the same machine settings, including colli- 
mator settings and gantry angles as the actual treatment 
fields. Accordingly, the treatment delivery chart 1008 of 
FIG. 10 illustrates four fields in the automatic sequenc- 
ing group ASG. In particular, fields F00, F01, F10 and 
F11 are illustrated. Fields F01 : FlO and F11 also include 
portal imaging. In particular, portal imaging fields Port 
0001 , Port 0007 and Port 0008 are to be delivered. The 
tree hierarchy of the treatment delivery chart 1008 illus- 
trates this by way of PF folders associated with the cor- 
responding fields FLD. The portal imaging may be edit- 
ed, for example, by clicking on the appropriate folder 
and the portal imaging window 1 050. 
[0038] It is noted that a field FLD2 outside of the au- 
tomatic sequencing group ASG of FIG. 10 is provided. 
The FLD2 defines an arc treatment field. An arc treat- 
ment field involves, inter alia , a treatment delivered by 
continuous rotation of the gantry 6 while radiation is be- 
ing applied. Control of an arc treatment field is illustrated 



in FIG. 11 . In particular, the treatment visualization win- 
dow 1018 includes an arc 1 060 representative of the an- 
gle through which the gantry is to move. The treatment 
visualization icon 1030 shows the settings of the beam 

5 shielding device and identifies that the treatment is an 
arc treatment and the angle over which the gantry is to 
move. The gantry icon 1038 shows beginning and end- 
ing positions of the gantry 6, as well as the direction of 
rotation of the gantry. During the course of treatment, 

io the arc 1 060 may fill in in a different color representative 
of delivered radiation. 

[0039] Turning now to FIG. 1 2, a flowchart 1 200 illus- 
trating operation of a method according to an embodi- 
ment of the present invention is shown. In a step 1202, 

1$ the verification and record/automatic setup system 1 02 
receives treatment fields. As discussed above, the treat- 
ment fields may be received by an optimization engine 
using prescription parameters or may be directly input 
via keyboard. In a step 1204, a processor associated 

20 with the verification and record system 102, such as 
CPU 101, generates a graphical user interface accord- 
ing to the present invention from the set of the received 
fields. As discussed above, the fields may be organized 
into a tree or folder hierarchy and may be organized into 

25 intensity modulated groups or automatic sequencing 
groups. If, in a step 1206, the organization of the treat- 
ment fields is approved, then in a step 1214, the set of 
fields is downloaded to the radiation therapy machine 2. 
In a step 1216, the radiation therapy is delivered accord- 

30 ing to the set of fields. If, however, in step 1206, modi- 
fication of the organization of the set of fields received 
in step 1202 or editing of the fields themselves is de- 
sired, then in a step 1208, the graphical user interface, 
according to the present invention, may permit entering 

35 an edit mode. In a step 1210, the system may allow ed- 
iting the fields. As discussed above, editing the fields 
may include reorganizing auto-sequencing groups and 
intensity modulation groups, inserting interrupts, and 
portal imaging. In addition, editing may include editing 

40 the individual treatment fields themselves, such as by 
adjusting the treatment head 4 and beam shielding de- 
vices, selecting or changing accessories, changing gan- 
try or table settings, adjusting energy settings, and the 
like. Once the treatment fields have been edited, the 

45 system determines whether or not approval, for exam- 
ple, by an oncologist, is necessary in a step 1 212. Such 
approval may be necessary if actual field settings are 
edited (as opposed to merely changing the organization 
of already predetermined fields). If such approval is not 

so necessary, then the treatment will be downloaded to the 
radiation therapy machine in a step 1 21 4 and the treat- 
ment will be delivered in step 1 216. If , however, approval 
is necessary then approval must be obtained in a step 
1218 and keyed in, for example, by a password prior to 

55 downloading and delivering the radiation therapy. . 
[0040] Turning now to FIG. 1 3, a flowchart illustrating 
operation of a method for re-organizing treatment fields 
according to an embodiment of the present invention is 
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illustrated. In particular, in a step 1302, a plurality of ra- 
diation fields are delivered, as discussed above. In a 
step 1 304, the radiation fields are displayed, for exam- 
ple, in a tree hierarchy in the delivery chart 1008. In a 
step 1 306, an edit mode may be entered. In a step 1 308, s 
the sequencing of the fields may be changed by clicking 
and dragging a particular field from one location to an- 
other. In a step 1 31 0, the system will determine whether 
or not a predetermined relocation of a field is allowed. 
For example, in FIG. 5, the system will determine wheth- to 
er movement of field FLD0007 is permitted to the space 
between field 0014 and field 0015. If the movement is 
not allowed, then in a step 1312 : the graphical user in- 
terface will display a warning and will not allow the trans- 
position of the field. If, however, the movement of the is 
field is permitted, then the placement of the field will be 
allowed in a step 1 314. Finally, in a step 1 31 6, the graph- 
ics, such as the graphics in the treatment visualization 
window 1018 and/or the setup window 1010, may be 
updated accordingly to the new organization. 20 
[0041] Turning now to FIG. 14, a flowchart illustrating 
a method 1 400 for controlling a radiation therapy ma- 
chine 2 using a graphical user interface according to an- 
other embodiment of the present invention is illustrated. 
In particular, in a step 1 402. a plurality of treatment fields 2s 
are downloaded to the automatic setup device 102. In 
a step 1 404, the received fields are organized into a dis- 
play, such as in the delivery chart 1008 of the treatment 
window 1014 In a step 1406, the system permits the 
user to click on individual fields. Once the individual 30 
fields have been clicked on, for example, by a cursor 
pointing device, then in a step 1 408, the system will dis- 
play the machine settings, for example, in setup window 
1010. The system may enter a setup mode or edit mode 
in a step 1410, for example, by clicking on an enable 35 
treatment edit window 1052 (FIG. 10). In the edit mode, 
in a step 1412, manipulation of machine icons is permit- 
ted. For example, the beam's eye view 1 032 of the treat- 
ment head 4 may be manipulated in a clockwise or coun- 
terclockwise direction, the jaws 410, 420 may be 40 
opened or closed, or individual leaves of the multi-leaf 
collimator may be opened or closed. Similarly, the 
graphic image icon 1038 of the linear accelerator may 
be manipulated such that the gantry 6 may be rotated 
in a clockwise or counterclockwise fashion. In addition, *s 
the table icon 1036 may be manipulated such that the 
table may be rotated or adjusted in a different fashion. 
Similarly, accessories may be selected from the acces- 
sory window 1040 and dosimetry may be altered via use 
of the dosimetry window 1042. Once the settings have so 
been changed, in a step 1 41 4, other visualization graph- 
ics may be updated. For example, the cones in the treat- 
ment visualization window 1018 may be reset to differ- 
ent angles and the settings in the visualization icons 
1 030, 1 030A may similarly be updated, as may the tex- ss 
tual information provided therewith. In a step 1014, ap- 
proval of the edits may be obtained, for example, by 
clicking on an approval icon in the treatment edit window 



1052 (FIG. 10). Once approval has been obtained, the 
treatment may be downloaded in a step 1418 to the ra- 
diation therapy device. 

[0042] Turning now to FIG. 1 5, a flowchart 1 500 show- 
ing operation of a method 1 500 for controlling arc ther- 
apy according to an embodiment of the present inven- 
tion is illustrated. In particular in a step 1 502, the system 
receives fields in a manner similar to that described 
above. In a step 1504, the system determines whether 
any of the fields are arc therapy fields. If not, then the 
system continues as described above. However, if in 
step 1504, certain fields were identified as arc fields, 
then the arc fields may be displayed as arcs (distin- 
guished from the cones representative of the other 
fields). The arcs indicate initial and final positions of the 
gantry 6. In addition, the icon 1 038 representative of the 
gantry will show initial and final positions of the gantry 
6. In a step 1508, the arc field may be downloaded to 
the radiation therapy device. The radiation therapy de- 
vice will then perform the arc treatment and will provide 
status updates to the automatic setup system 1 02 and 
control unit 200. As such, the arc treatment display icon 
1060 (FIG. 11 ) will show areas of the arc treatment that 
have been treated or not treated. 
[0043] The invention described in the above detailed 
description is not intended to be limited to the specific 
form set forth herein, but is intended to cover such al- 
ternatives, modifications, and equivalents as can rea- 
sonably be included within the spirit and scope of the 
appended claims. For example, in alternate embodi- 
ments, the unit 102 may directly control the radiation 
therapy device, without need for separate downloading. 

Claims 

1. A graphical user interface for a radiation treatment 
apparatus, characterized by: 

means (18, 200, 101, 102) for generating 
graphic images of said radiation treatment ap- 
paratus; and 

means (18, 200, 101, 102) for controlling said 
radiation treatment apparatus by manipulating 
said graphic images. 

2. A graphical user interface according to Claim 1 , in- 
cluding means for (1 8, 1 01 , 1 02, 200, 71 ) displaying 
status updates of a course of treatment. 

3. A graphical user interface according to any preced- 
ing claim, said controlling means (18, 101, 102, 
200) including means (18,101,102, 200) for setting 
a gantry angle by manipulating a graphic image 
(1038) of said gantry (6). 

4. A graphical user interlace according to any preced- 
ing claim, said controlling means (18, 101, 102, 
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200) including means (18 : 101, 102, 200) for setting 
a beam shielding device by manipulating an image 
(1032) of sard beam shielding device. 

5. A graphical user interface according to any preced- s 
ing claim, further including means (18, 101, 102, 
200, 71) for displaying radiation intensities (1030) 
corresponding to deliverable radiation fields. 

6. A graphical user interface as recited in Claim 5, io 
wherein said displaying means (18, 101, 71, 102, 
200) includes means for displaying intensity levels 

for a plurality of fields super-imposed on one anoth- 
er (1030a). 

15 

7. A graphical user interface according to any preced- 
ing claim, further including means (18, 71 , 101 , 102, 
200) for displaying textual information (1030) asso- 
ciated with said graphic images. 

20 

8. A graphical user interlace as recited in any preced- 
ing claim, further including means (18, 71, 101, 102, 
200) for generating images (1026) representative 
of one or more radiation beams. 

25 

9. A graphical user interface according to Claim 8, 
wherein said generating means (18, 71, 101, 102, 
200) generates images corresponding to arc treat- 
ments (1060). 

30 

10. A graphical user interface according to Claim 8, 
wherein said generating means (18, 71, 101, 102, 
200) generates images corresponding to one or 
more fields. 

35 

11. A radiation treatment apparatus with a graphical us- 
er interface as claimed in any preceding claim. 
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